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The purpose of this study was to analyze the potential of tomato extract (Lycopersicum esculentum L.) in increasing the Sertoli and spermatogenic 
cells count of the contralateral testis in white rats (Rattus novergicus) with unilateral torsion. A total of 24 male Wistar white rats, aged 3-4 months old with 
a weight of 180-200 g were used in this study. The rat samples were randomly divided into 4 treatment groups: Group 1 as a negative control (NC) which 
consisted of rats without testicular torsion and given tomato extract; Group 2 as a positive control (PC) which consisted of rats with unilateral testicular 
torsion 720° for 6 hours without given tomato extract; Group 3 as treatment 1 (T1) consisted of rats that were subjected to unilateral testicular torsion 720o 
for 6 hours and were given tomato extract at a dose of 100 mg/kg BW/day; and Group 4 as treatment 2 (T2) consisted of rats that were subjected to 
unilateral testicular torsion 720° for 6 hours and were given tomato extract at a dose of 200 mg/kg BW/day. Each group consisted of six rats. Tomato 
extract was administered orally for 30 days. The observations of the number of Sertoli cells and spermatogenic cells (spermatogonia cells, spermatocytes, 
and spermatids) were carried out histologically with Hematoxylin-Eosin (HE) staining and the slides were examined with a light microscope. The data 
obtained was analyzed by ANOVA and continued with Duncan's test. The results showed that the administration of tomato extract significantly increased 
(P<0.05) the number of Sertoli cells and spermatogenic cells of the contralateral testicular seminiferous tubule. Giving tomato extract 100 mg/kg BW/day 
resulted in an increase in the number of Sertoli cells and better spermatogenic cells than tomato extract 200 mg/kg BW/day. In conclusion the 
administration of tomato extract after detorsion can increase the number of Sertoli cells and spermatogenic cells of the contralateral testicular seminiferous 
tubules in white rats subjected to unilateral torsion of 720° for 6 hours. 
____________________________________________________________________________________________________________________ 




Penelitian ini bertujuan mengetahui potensi ekstrak tomat (Lycopersicum esculentum L.) untuk meningkatkan jumlah sel Sertoli dan 
spermatogenik testis kontralateral pada tikus putih (Rattus novergicus) yang mengalami torsio unilateral. Sebanyak 24 ekor tikus putih strain Wistar 
berjenis kelamin jantan, usia 3-4 bulan dengan bobot 180-200 g digunakan dalam penelitian ini. Sampel tikus dibagi secara acak menjadi 4 
kelompok perlakuan yakni kelompok 1 sebagai kontrol negatif (KN), tikus normal tanpa dilakukan torsio testis; kelompok 2 sebagai kontrol positif 
(KP) tikus dilakukan torsio testis unilateral 720° selama 6 jam setelah detorsi tanpa diberi ekstrak tomat;  kelompok 3 sebagai perlakuan 1 (P1) tikus 
dilakukan torsio testis unilateral 720° selama 6 jam setelah detorsi diberi ekstrak tomat 100 mg/kg bobot badan/hari dan kelompok 4 sebagai 
perlakuan 2 (P2) tikus dilakukan torsio testis unilateral 720° selama 6 jam setelah detorsi diberi ekstrak tomat 200 mg/kg bobot badan/hari. Masing-
masing kelompok terdiri atas enam ekor tikus. Pemberian ekstrak tomat dilakukan secara oral selama 30 hari. Pengamatan jumlah sel Sertoli dan 
sel-sel spermatogenik (sel spermatogonia, spermatosit dan  spermatid) dilakukan secara histologis dengan pewarnaan Hematoksilin-Eosin (HE) dan 
slide diperiksa dengan mikroskop cahaya. Data yang diperoleh dianalisis dengan ANOVA dan dilanjutkan dengan uji Duncan. Hasil penelitian 
menunjukkan pemberian ekstrak tomat dapat meningkatkan secara nyata (P<0,05) jumlah sel Sertoli dan sel spermatogenik tubulus seminiferus testis 
kontralateral. Pemberian ekstrak tomat 100 mg/kg bobot badan/hari menghasilkan peningkatan jumlah sel Sertoli dan sel spermatogenik lebih baik 
dibandingkan dengan ekstrak tomat 200 mg/kg bobot badan/hari. Disimpulkan bahwa pemberian ekstrak tomat setelah detorsi dapat meningkatkan 
jumlah sel Sertoli dan sel spermatogenik tubulus seminiferus testis kontralateral pada tikus putih yang mengalami torsio unilateral 720° selama 6 jam. 
____________________________________________________________________________________________________________________ 





Testicular torsion is one of the most common 
medical cases seen inveterinary practices. It is 
especially common in horses (De Bock et al., 2007), 
cats (Giuliano, 2013), and dogs (Viliotti et al., 2018). 
Testicular torsion is an important condition for a 
veterinarian to understand because it is so often 
encountered. Testicular torsion is the twisting of the 
spermatic cord which results in strangulation of the 
blood vessels which leads to ischemia in the testes 
(Vigueras et al., 2004; Karaguzel et al., 2014). About 
50% of cases of testicular torsion are the result of 
trauma (Visser and Heyns, 2003). Testicular torsion 
can occur at any age, but most often occurs at a young 
age when a rapid increase in testicular mass occurs due 
to the maturation of the reproductive organs and the 
process of spermatozoa maturation (Yang et al., 2011; 
Boettcher et al., 2012).   
Testicular torsion can have negative impacts on the 
testes and the surrounding tissue. These impacts can 
include but are not limited to: disruption of the 
spermatogenesis process, decreased quality of 
spermatozoa, and histopathological changes in the 
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tissues around the testes, especially the seminiferous 
tubules and interstitial tissue (Mohammad et al., 2012). 
From these negative impacts, testicular torsion can 
result in damage to the testes and subfertility (Vigueras 
et al., 2004). In addition to having an impact on the 
testicle affected by the torsion, it can also affect the 
contralateral testicle (Sukhotnik et al., 2005; Yildiz et 
al., 2011). Experimental studies in animals have shown 
that torsion in the contralateral testis can cause Leydig 
cell atrophy, physiological changes in Sertoli cells, a 
decreased sperm count, and rapid apoptotic processes 
in the germinal epithelium (Lorenzini et al., 2004; 
Vigueras et al., 2004; Mohammad et al., 2012). Other 
reports have also found degeneration, desquamation 
and disorganization of the germinal epithelium and 
edema of the interstitial tissue and a decrease in the 
diameter of the seminiferous tubules of the 
contralateral testis (Özkan et al., 2000).  
Many theories state that contralateral testicular 
damage due to unilateral testicular torsion can be 
triggered by various mechanisms, including various 
auto-immune processes (Lorenzini et al., 2012), reflex 
vasoconstriction in the contralateral testicular blood 
vessels (Filho et al., 2004), and an increased production 
of reactive oxygen species (ROS) which are released 
after the reperfusion process (Gnimaraes et al., 2007; 
Dokmeci, 2012). Increased production of ROS can cause 
damage to lipids, proteins and deoxyribonucleic acid 
(DNA) cells, which in turn causes necrosis or apoptosis 
of testicular germ cells (Filho et al., 2004; Mogilner et 
al., 2006; Gnimaraes et al., 2007). Various studies have 
been conducted to try and learn how to avoid testicular 
tissue damage after testicular torsion and reperfusion has 
occurred. These studies included the provision of 
antioxidants such as vitamin E (Ranade et al., 2011), 
vitamin C (Ranade et al., 2018), and the use of 
antioxidant compounds derived from herbal plants 
(Afamefuna et al., 2012; Motamedi et al., 2019; 
Masoumeh et al., 2020) to treat testicular torsion. 
Tomato (Lycopersicum esculentum L.) is a 
vegetable that contains many antioxidants such as 
vitamin E, vitamin C, lycopene, and β-carotene, 
solanine alkaloids, saponins, tannins, folic acid, citric 
acid, and bioflavonoids, which are all beneficial for 
health (Davies, 2000; Kailaku, 2007; Pinella et al., 
2016). Apart from being a source of food, tomatoes are 
also widely used to treat several diseases including: 
hypertension (Sabilu et al., 2017), inflammation 
(Hernayanti et al., 2017), cancer, especially prostate 
cancer (Campbell et al., 2004), hypercholesterolemia 
(Basuny et al., 2009) and infertility (Anas and Asterina, 
2011; Dasrul et al., 2013; Yamamoto et al., 2017). 
Administering tomato extract at 40-80 mg/kg BW/day 
for 4 weeks has been shown to improve the sperm 
quality of hypercholesterolemic rats (Dasrul et al., 
2013). Although there have been many studies that 
have shown the efficacy of tomatoes, both for infertility 
due to increased ROS by cigarette smoke and 
hypercholesterolemia, research on the use of tomato 
extract as a therapeutic agent to increase the number of 
Sertoli cells and spermatogenic cells (spermatogenic 
cells, spermatocytes and spermatids) in the 
seminiferous tubules of the testes contralateral to 




This study was an experimental study of the post 
test only control group design using a one-way 
completely randomized design (CRD) with 4 treatment 
groups. A total of 24 white rats (Rattus novergicus) 
Wistar strain male, healthy, and with a weight of 180-
200 g were randomly divided into 4 treatment groups. 
Group 1 was classified as a negative control (NC) and 
consisted of rats without testicular torsion and were 
given tomato extract. Group 2 was classified as a 
positive control (PC) which consisted of rats with 
unilateral testicular torsion 720° for 6 hours without 
given tomato extract. Group 3 was classified as 
treatment 1 (T1) and consisted of rats that were 
subjected to unilateral testicular torsion 720° for 6 
hours and were given tomato extract at a dose of 100 
mg/kg BW/day. Lastly, group 4 was classified as 
treatment 2 (T2) and consisted of rats that were 
subjected to unilateral testicular torsion 720° for 6 
hours and were given tomato extract at a dose of 200 
mg/kg BW/day. Each treatment group consisted of 6 
white rats.  
 
Experimental Animal Preparation and Adaptation  
Prior to treatment, all experimental rats were 
adapted for seven days by being fed 20 g/head pellets 
and provided with drinking water ad libitum. The rats 
were placed in individual cages which had been 
specially designed with plywood and wire mesh walls 
and equipped with drinking water and feed containers. 
During preparation the cages were maintained under 
standard room conditions at a constant temperature (25-
27° C) and 30-70% humidity with 12 hours light and 
12 hours dark.  
 
Tomato Extract Production 
A total of 1000 g of ripe apple tomatoes were washed 
and blanched (or soaked) in 100 mL of hot water at 82-
93° C for 5-10 minutes. Furthermore, the tomatoes were 
processed in a blender for 15 minutes and then 
transferred to   a beaker and stored in an incubator at 40-
50° C for 8-10 hours for drying. Tomato coarse flour 
was then extracted by the maceration method with 90% 
ethanol solvent at room temperature with a ratio of 
tomato flour to solvent of 1:5 for 3 x 24 hours with 
continuous stirring. The filtrate was then taken and 
concentrated with a rotary evaporator at 60° C for 3 
hours. The viscous extract obtained was packaged in a 
vacuum sterile tube and stored at 5° C.  
 
Induction of Testicular Torsion and Administration 
of Tomato Extract  
Induction of testicular torsion was carried out 
according to the model of testicular torsion rats 
developed by Ranade et al. (2011) and Bo et al. (2020). 
After the grouping, rats in the NC group underwent 
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sham/placebo surgery, while those in the PC, T1, and 
T2 groups were anesthetized with a ketamine injection 
(Ilium, NSW, 100 mg ketamine/mL) at a dose of 10 
mg/kg BW and xylazine (Ilium, NSW, 20 mg 
xylazine/mL) dose of 2 mg/kg BW. After the 
experimental animals were anesthetized, a 1 cm 
incision was made in the lower-left scrotum to look for 
the testes. Once found, the testes were separated by 
fascia to the head of the epididymis and the 
gubernaculum testis was tied and cut. The left testicle 
was rotated 720° clockwise and fixed, then the incision 
was sutured and the torsion was left for 6 hours. After 6 
hours, anesthesia was performed and the scrotum was 
re-incised and the testicle was repositioned 720° in the 
opposite direction of torsion (testicular torsion) and 
fixed. Once this procedure was complete, the incision 
wound was closed again using absorbable sutures. 
Tomato extract was administered over the course of 30 
days orally using a gastric probe with a volume of 1.0 
mL/head. On the 31
st
 day, an incision was made again 
and the contralateral testis was taken, weighed and 
observed for color changes. Furthermore, the testes 
were fixed with 10% neutral buffered formalin (NBF) 




The contralateral testes of experimental animals that 
had been treated in the form of torsion were observed 
according to time. A series of stages were used to make 
preparations by following the Hematoxylin and Eosin 
(HE) staining process. In making histology 
preparations, the first step was fixation. At this stage, 
the testicles that had been cut to the size of 0.5 cm were 
placed on a glass film and then immersed in a formalin 
solution for 24 hours. This was proceeded with the 
second step of dehydration. At this stage, the testicle 
pieces were immersed in an 80% alcohol solution for 2 
hours, then soaked again in alcohol with a 
concentration of 90%, 95%, 100% I, and 100% II 
respectively for another 2 hours. The third stage was 
called clearing, which consisted of soaking the samples 
in xylol solution 3 times for 30 minutes each in a 
different bottle. Subsequently, the infiltration process 
was carried out in an incubator at a temperature of 56-
58° C. The testicles were then immersed in paraffin 3 
times for 30 minutes each, followed by embedding, 
which is dipping the testicle pieces in liquid paraffin 
that has been poured into a basket. Next, the container 
was put in water and then placed in a refrigerator. After 
a time, the paraffin solidified and the testicles were 
incased in a paraffin block. 
The testes in paraffin blocks were attached to a 
microtome plate. The desired slice thickness was 2-4 
μm. Slices were taken with tweezers and placed in warm 
water (38-40° C) to straighten out any fine wrinkles and 
to unfold any wedges or creases that might occur on the 
slides. Perfectly stretched slices were then taken with an 
object-glass. The selected pieces were then air-dried 
until they became fully dry. The preparations were then 
stained with HE which consisted of several steps using 
various solutions such as xylol, graded alcohol, running 
water, and finally Canadian balm was added to make the 
preparations firmly attach to the slide and cover. Then 
the preparations were observed under a microscope and 
DP 12 micrographs were taken using a scale of 20 μm 
and 30 μm.  
 
Sertoli Cell Count and Spermatogenic Cell Count  
Measurement of the number of Sertoli cells and 
spermatogenic cells (spermatogenic cells, 
spermatocytes, and spermatids) was carried out on a 
400x magnification light microscope (Nikon E200) 
equipped with Optilab Viewer Software Version 2.2. 
The number of spermatogenic cells and Sertoli cells 
was counted in the seminiferous tubules. Calculations 
were carried out on 5 cross sections (vertical) of the 
testes which were divided into 4 sections (top right, 
bottom right, top left, bottom left). Each section was 
taken from 5 tubules and then the number of Sertoli 
cells and spermatogenic cells (spermatogenic cells, 
spermatocytes, and spermatids) were counted. 
Observations were made randomly with five 
replications to average the value of these variables. 
 
Data Analysis  
Observational data on the number of Sertoli cells 
and spermatogenic cells (spermatogenic cells, 
spermatocytes, and spermatids) of the seminiferous 
tubules were analyzed using one-way analysis of 
variance (ANOVA) to determine whether or not there 
were differences in the treatment groups.  
 
RESULTS AND DISCUSSION 
 
From the results of phytochemical testing, it can be 
seen that the tomato extract used in this study contained 
alkaloids, saponins, flavonoids, phenolics and tannins, 
while steroids and triterpenoids were not found in the 
tomato extract (Table 1). These results are in line with 
the results of phytochemical tests conducted by 
Agustina et al. (2017), that tomatoes contain terpenoid 
compounds, flavonoids, saponins, tannins, and 
polyphenols.  
 
Histological Images of the Seminiferous Tubules of 
the Testes 
From the observation of histopathological images of 
the contralateral testicular seminiferous tubule (Figure 1) 
in the NC group, the stages of development and 
arrangement of spermatogenic cells towards the tubular 
lumen were clear and dense. The seminiferous tubules 
were completely filled with components of 
spermatogenic cells and Sertoli cells which were 
located according to their respective positions. 
Spermatogonia cells were seen to be located on the 
basement membrane of the seminiferous tubules, 
primary spermatocyte cells were located in the middle 
space of the seminiferous tubules, and spermatid cells 
themselves were seen to fill some of the adluminal 
space and also the tubular lumen. This showed that the 
process of spermatogenesis was running normally. 
Dasrul et al. 
 
79 
In the PC group, unilateral testicular torsion was 
performed at 720° for 6 hours. The presence of 
spermatogenic cells was very rare, and only a small 
number of cells were observed loosely spread about. 
The seminiferous tubule lumen itself was completely 
empty. The loose arrangement of cells and damage to 
Table 1. Phytochemical test results of tomato (Lycopersicum esculentum L.) extract  
Metabolite content Reagent Test results Observation results 
Alkaloids Mayer + White precipitate formed 
Waner + Brown precipitate formed 
Dragendorff + Red precipitate formed 
Steroids Liebermann-Burchard test - No bluish color formed 
Triterpenoids Liebermann-Burchard test - No red color formed 
Saponins Shaking + Foaming 
Flavonoids HCl and Metal Mg + Reddish color formed 
Phenolic FeCl3 + Bluish black color formed 
Tannins FeCl3 + Bluish black color formed 
(+)=  Showing positive results, (-)= Showing negative results 
 
 
Figure 1. Histopathology of contralateral testicular seminiferous tubules in white rats in various treatment groups. a= 
Spermatogonia; b= Spermatocytes; c= Spermatids; d= Sertoli; NC= Normal white rats without torsion, PC= White rats that underwent unilateral 
testicular torsion for 6 hours; T1= White rats that underwent unilateral testicular torsion for 6 hours and were given a dose of tomato extract 100 
mg/kg BW/day; and T2= White rats that underwent unilateral testicular torsion for 6 hours and were given 200 mg/kg BW/day. HE 100x (left) 
and 400x (right) 
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the seminiferous tubule cell structure of the testes in the 
PC group was caused by the disruption of the 
spermatogenesis stages in the testes. Meanwhile, in the 
T1 treatment group, white rats that underwent unilateral 
testicular torsion 720° for 6 hours and were given a 
dose of tomato extract 100 mg/kg BW/day, the 
arrangement of the seminiferous tubules was almost the 
same as the NC group and different from the 
seminiferous tubules which were found in the PC 
group. The arrangement of spermatogenic cells was 
denser and densely filled with spermatogenic cells with 
a clearly visible structure lined up towards the lumen. 
In the T2 treatment group, white rats that underwent 
unilateral testicular torsion for 6 hours and were given 
200 mg/kg BW/day, the spermatogenic cells were not 
much different from T1.   
 
Sertoli Cell Count and Spermatogenic Cell Count of 
the Seminiferous Tubules  
The results of the calculation of the number of Sertoli 
cells and spermatogenic cells (spermatogonia cells, 
primary spermatocytes, round spermatid cells) per 
seminiferous tubule (Table 1), showed that unilateral 
testicular torsion treatment of 720° for 6 hours caused a 
significant decrease in the number of Sertoli cells and 
spermatogenic cells (spermatogonia cells, spermatocytes, 
and spermatids)  (P<0.05). In treatment T1 and T2 there 
was a recovery effect, because the number of Sertoli 
cells, spermatogonia cells, spermatocytes and spermatid 
cells of the two treatments were significantly different 
(P<0.05) with the positive control group (PC). Even in 
treatment T1 the number of Sertoli cells, spermatogonia, 
spermatocytes and spermatids were not significantly 
different from the control (P>0.05). 
The mean number of Sertoli cells in the 
contralateral seminiferous tubules of the PC group was 
significantly different (P<0.05) compared to T1, T2 and 
NC. The number of Sertoli tubular seminiferous cells in 
group T1 was significantly different (P<0.05) with NC, 
but not different (P>0.05) with T2, while the number of 
Sertoli tubular seminiferous cells in group T2 was not 
different (P>0.05) compared to NC. These results 
proved that unilateral testicular torsion of 720° for 6 
hours was able to reduce the number of Sertoli cells in 
the contralateral seminiferous tubules. While the 
administration of tomato extracts 100 mg/kg BW/day 
and 200 mg/kg BW/day (T2), was able to increase the 
number of Sertoli cells in the contralateral testicular 
seminiferous tubule in rats with a unilateral testicular 
torsion of 720° for 6 hours. 
The mean number of seminiferous tubular 
spermatogonia cells in the PC group was not 
significantly different (P>0.05) with T1, but both were 
significantly different (P<0.05) with NC and T2. The 
number of spermatogenic tubules in the seminiferous 
tubules in T2 was not significantly different (P>0.05) 
with NC, while the number of spermatocytes and 
spermatids in the seminiferous tubules in the PC group 
was significantly different (P<0.05) with T1, T2 and NC. 
The number of spermatocytes and spermatids in the 
seminiferous tubules in T1 was significantly different 
from T2 and NC (P<0.05). However, the number of 
spermatocytes and spermatids in the seminiferous 
tubules at T2 was not significantly different (P>0.05) 
with NC. These results revealed that unilateral testicular 
torsion of 720° for 6 hours could reduce the number of 
spermatogenic cells, spermatocytes and spermatids of 
the contralateral testicle seminiferous tubules in white 
rats, and the administration of tomato extract at a dose of 
100-200 mg/BW/day was able to increase the number of 
spermatogenic cells, spermatocytes and spermatids in 
these rats.  The results of this study are in line with the 
results of a study reported by Lysiak et al. (2001), where 
white rats also underwent unilateral testicular torsion 
720° for 2 hours which resulted in damage to the 
seminiferous tubules, significantly decreased testicular 
mass, and impaired spermatogenesis and spermatozoa 
production of the contralateral testis. The same thing was 
also reported by Yildiz et al. (2011), in rats that 
underwent unilateral torsion 720° for 2 hours, it was 
found that in the contralateral testicular seminiferous 
tubules there was degeneration, desquamation, and 
disorganization of tubular epithelial cells but no 
reduction in the number of the tubular epithelium was 
found. The results of this study were different from the 
research by Hardjowijoto et al. (2005), who performed 
360° torsion for 4 hours on rats and found no 
disturbances in the spermatogenesis process in the 
contralateral testis.  
The decrease in the number of Sertoli cells, 
spermatogenic, spermatocytes, and spermatids of the 
contralateral seminiferous tubule after treatment of 
unilateral torsion 720° for 6 hours may occur because 
testicular torsion can cause ischemia. Ischemia leads to a 
drastic decrease in testicular microvascular blood flow 
and oxygen tension in the contralateral testis due to 
twisting of the spermatic cord. The ischemic state 
followed by reperfusion can trigger an increase in the 
production of ROS by the mitochondria of macrophage 
cells, neutrophils, and various other cell types that are in 
Table 2. The mean (±SD) number of Sertoli cells and spermatogenic cells per seminiferous tubule of the contralateral testis of 
white rats (Rattus novergicus) in various treatment groups 
Treatment Sertoli cell count 
Spermatogenic cell count 
Spermatogonia Spermatocytes Spermatids 
NC 84.83±5.04a 124.50±19.37a 210.17±34.63a 350.17±61.21a 
PC 65.17±6.27c 102.33±5.57c 156.50±25.56c 286.83±31.72c 
T1 82.83±4.22ab 120.50±8.41a 209.83±19.73a 335.67±60.41a 
T2 75.67±3.50b 112.67±7.37b 194.17±13.45b 315.83±20.83b 
a, ab,b, cDifferent superscripts within the same column indicated significant differences (P<0.05). NC= Normal white rats without testicular torsion; 
PC= White rats that underwent unilateral testicular torsion 720° for 6 hours without administration of tomato extract; T1= White rats that 
underwent unilateral testicular torsion 720° for 6 hours and were given tomato extract 100 mg/kg BW/day; and T2= White rats underwent 
unilateral testicular torsion 720° for 6 hours and were given tomato extract 200 mg/kg BW/day 
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pathological conditions (Filho et al., 2004). Furthermore, 
Burtscher et al. (2004), stated that if hypoxia conditions 
occur continuously, it will cause excessive intracellular 
calcium ions to build up and decrease antioxidant 
enzymes which will stimulate the production of ROS in 
the mitochondria. This is in line with the results of a 
study by Yildiz et al. (2011) who performed unilateral 
torsion of 720° for 2 hours. It was found that the average 
value of nitric oxide (NO) compounds, a form of ROS in 
the contralateral testes, was 33.10±0.22 µmol/g, which 
was significantly higher compared to the mean NO value 
in the control testes, which was 31.11±0.49 µmol/g. 
Reactive oxygen species are products of normal cellular 
metabolism, and include free radicals such as the 
hydroxyl radical (OH-), superoxide anion (O2-), and 
peroxyl radical (RO2) and non-radical groups such as 
hydrogen peroxide (H2O2) organic peroxide. Both 
hydroperoxide (ROOH) and NO can cause lipid 
peroxidation of proteins and in the DNA of cells, causing 
death or apoptosis in the cells of testicular tissue, which 
includes Sertoli cells and spermatogenic cells (Agarwal 
et al., 2008). In severe ischemic conditions in testicular 
torsion, ROS production can exceed the body's 
antioxidant defense system in a condition known as 
oxidative stress in the testes (Agarwal et al., 2008). 
Under conditions of oxidative stress, the normal balance 
between ROS production and the body's natural 
antioxidant performance to eliminate ROS will be 
disturbed resulting in a disruption in the normal 
functioning of the oxidation-reduction chain. This leads 
to oxidative damage to Sertoli cells and spermatogenic 
cells of the testicular tissue (Evans, 2000). Increased 
ROS production will result in cell membrane lipid 
peroxidation which leads to cell membrane organization 
being damaged, and eventually cellular function is lost 
completely (Agarwal et al., 2008). Malondialdehyde 
(MDA) is one of the toxic products produced by lipid 
peroxidation in cell membranes (Aitken and Baker, 
2006). MDA can react with lipoproteins in cells which 
can cause interference with cell permeability, cell 
integrity and cause damage to cell organelles. MDA can 
also interfere with the DNA transcription process, 
causing damage to testicular spermatogenic cells 
(Agarwal et al., 2008; Aitken and Roman, 2008).   
The results of this study proved that the 
administration of tomato extract at a dose of 100 mg/kg 
BW/day (T1) and 200 mg/kg BW/day (T2) could 
increase the number of Sertoli cells and spermatogenic 
cells of the contralateral testis seminiferous tubules in 
rats that had undergone unilateral torsion 720° for 6 
hours. This is due to the presence of active ingredients 
in tomato extracts that act as antioxidants such as 
vitamin C, vitamin E, lycopene, β-carotene, flavonoids, 
saponins, phenolics, and tannins (Kailaku et al., 2007; 
Mohammed and Al-Bayati, 2014; Ribeiro et al., 2014). 
The presence of antioxidant substances in tomato 
extract reduces ROS activity inhibiting the occurrence 
of lipid peroxidation and damage to testicular cells, 
including Sertoli cells and spermatogenic cells. These 
results are in accordance with those reported by 
Motamedi et al. (2019), that the administration of 
Echinacea purpurae extract, which contains large 
quantities of antioxidants, can increase the number of 
spermatogenic cells in rats with ischemia/reperfusion.  
Vitamin C is an antioxidant contained in tomato 
extractthat is easily soluble in water and able to reduce 
the action of ROS in cell membranes so as to minimize 
cell damage that occurs under conditions of oxidative 
stress (Guerriero et al., 2014). Testicular tissue contains 
a large amount of polyunsaturated lipids which makes 
it vulnerable to damage by ROS. By administering 
antioxidants, this will help to maintain the integrity of 
testicular cells and germ cells in the testes. It was 
reported that the administration of vitamin C can 
improve spermatogenesis, prevent damage to the 
seminiferous tubules and the thickness of the torsion of 
the seminiferous tubules of the testis (Moghimian et al., 
2017; Ranade et al., 2018). The antioxidant properties 
of vitamin C are mainly related to its ability to react 
with many ROS, and the fact that the resulting 
semidehydro ascorbate is converted back to ascorbate 
at the expense of Nicotinamide Adenine Dinucleotide 
(NADH) or reduced glutathione (Ribeiro et al., 2014). 
Vitamin C also contributes to the redox mechanism by 
saving other antioxidants such as vitamin E, urate, and 
β-carotene from their oxidized forms (Angelo et al., 
2011). Other studies have also proven that the 
administration of vitamin C can ensure that 
steroidogenic Leydig cells are not affected by increased 
ROS (Guerriero et al., 2014) so that the regulation of 
the hormone testosterone is maximized during the 
spermatogenesis process. The presence of vitamin E in 
tomato extract is able to inhibit the occurrence of 
damage due to ROS reactions on cell membranes, 
prevent lipid peroxidation and increase the activity of 
other antioxidants. This is in line with research 
conducted by Ranade et al. (2011), who demonstrated 
that the administration of vitamin E can repair the 
contralateral testicular seminiferous tubule damage in 
white rats with testicular torsion. Lycopene is a 
carotenoid pigment that acts as an antioxidant with the 
ability to bind reactive oxygen compounds, with results 
twice as high as β-carotene and ten times higher than α-
tocopherol (Palozza et al., 2012).  
Lycopene is an antioxidant that plays a role in 
counteracting cell damage due to ROS activity through 
an oxidative mechanism, namely by giving electrons to 
free electrons contained in ROS so that it will produce 
more stable compounds (Story et al., 2010). Lycopene 
protects DNA from oxidative stress by inactivating 
hydrogen peroxidase and nitrogen dioxide and 
protecting lymphocytes from nitrite dioxide (NO2) 
which damages membranes resulting in cell death 
(Agarwal and Rao, 2000). This result is different from 
that reported by Güzel et al. (2019) that lycopene 
administration can only prevent negative I/R effects in 
the initial period, but is not potent enough to repair 
tissue injury in the long term.  
Tomato extract besides containing vitamin C, 
vitamin E and lycopene, also contains many flavonoids, 
phenolic, saponin, alkaloid and tannin compounds 
which are also antioxidants (Pinella et al., 2016; 
Dasrul et al. 
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Agustina et al., 2017). Flavonoids, as antioxidants 
contained in tomato extract, are thought to be able to 
interfere with the lipid peroxidation stage in the 
initiation phase so that reactive oxygen compounds are 
unable to turn into new reactive oxygen compounds 
(Murray et al., 2009). One of the antioxidants that 
contribute to hydrogen atoms is flavonoids, which 
oxidize and react with reactive oxygen compounds so 
that the compound becomes stable. Phenolics are free 
radical scavengers as well as active redox metal ion 
chelators. These metal ions work to catalyze lipid 
peroxidation reactions. Phenolics inhibit the oxidation 
of lipids and other molecules by donating hydrogen 
atoms to reactive oxygen compounds to produce 
phenoxyl radical intermediates. This compound is 
relatively stable so that other radical reactions cannot 
be re-initiated (Nzaramba, 2008). Alkaloids can act as 
reactive oxygen scavengers and can inhibit the 
formation of lipid peroxidation in the microsomal 
hepatic phase. One of the advantages of alkaloid 
compounds, especially indole, is that it can efficiently 
inhibit the reaction of free radical compounds. In 
addition, other alkaloid compounds, such as caffeine, 
work as hydroxyl radicals (Dinara et al., 2007). 
However, in this study, it is not known with certainty 
the type of alkaloid that has an effect on antioxidant 
bioactivity. Triterpenoids as antioxidants will react 
with HOO* radicals which can bind quickly to peroxyl 
radicals until the reaction enters the termination stage 
(Grassman, 2005). Saponins and tannins can work as 
antioxidants and have the advantage of balancing the 
ROS imbalance in the body (Kumari and Jain, 2012).  
The results also showed that the number of Sertoli 
cells, spermatogenic cells, spermatocytes, and spermatid 
cells of the contralateral testicular seminiferous tubules 
in the unilateral testicular torsion white rat group (T1), 
was significantly higher (P<0.05) compared to a group 
of white rats with unilateral testicular torsion  (T2). This 
condition is caused by differences in the number of 
active ingredients that act as antioxidants in the tomato 
extract. As reported by several previous researchers, 
higher doses of tomato extract will be more difficult to 
absorb because it is too concentrated, so the onset of the 
active ingredients in the tomato extract will be slower. 
These results agree with the research of Suryani et al. 
(2013), which proves that by giving lycopene, vitamin C, 
vitamin E, flavonoid compounds, saponins, and alkaloids 
at high concentrations of antioxidant activity, they will 
turn into prooxidants that can damage cells. In conditions 
where antioxidants are not balanced with prooxidants or 
when oxidant levels are high while prooxidants are low, 
the body will produce prooxidants to balance the levels 
of antioxidants. This condition will result in the 
increased production of free radical compounds. 
Increased prooxidant activity can reduce the levels of 
antioxidant enzymes in the body such as glutathione 
peroxidase and catalase (Durgo et al., 2007). An 
imbalance between antioxidant and prooxidant enzymes 
in the body will damage spermatogenic cells, which will 
cause a decrease in the formation of spermatozoa 
(Agarwal et al., 2014).  
CONCLUSION 
 
In conclusion the administration of tomato extract 
after detorsion can increase the number of Sertoli cells 
and spermatogenic cells of the contralateral testicular 
seminiferous tubules in white rats subjected to 
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